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(57) Disclosed are various embocHments of circuitry 
for coupling first and socond transceiVGrs of a dual band 
radiotelephone to integral and external anlannas. The 
circuitry usee impedance matching lenflths of transiTils- 
eion lines and switches arranged to provide a minimum 



insBrlion loss, Also disclosed Is an embodlmBnt for uee 
with a singiD band radio tefephone, such a$ a digital TD- 
MA radio telephone that either transmfie or receives at 
any given time. Also cTisdosed ia an antenna switching 
arrangement for a dual band phone that eliminates a re- 
quirement for cluplexers. 
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1 EP0e23 

Oeacrlptlon 

This invention rolatfls generally to methode and ap- 
pafaiu$ for connecting radio frequency (RF) circuit$ to 
one or more antennas and. In partteular, to circuits used s 
In single and dual band radio telophonee, euch as cel- 
lular telephones, 

In a dual band mobfle phone the operational band- 
width of the antenna presenta a difficult problenn. By ex- 
ample, euch a oiobUe phone may need to be operable io 
in the 800 MH^ band (e.g.. analog AMPS) at one lime, 
and then In the 1 .9 GH7 band (e.g., digital PCN) at an- 
other time. Preferably, a single antenna is u$ed tor both 
bands. However, due I0 the l^rge difference in opeiB- 
irorwl frequondes convent tanal dual band mobile IS 
phones typicany provlda a separate receiver front end 
and a separate transmitter power amplifier section for 
each band. 

Figure 1 illustrates one such corvemional construc- 
tion for a dual band mobile phone. A single antenna sys- £0 
lem 1 is connected to a Band 1 receiver front end and 
transminar power emplifier blocl< 2, and is also connect- 
ed to a Bend 2 receivef front end and transmitter power 
amplifier block 3. Blocks 2 and 3 are both connected to 
a common, further block 4 that contains the rocelvar (F 2S 
circuits, frequency synihesi2or(s), modulators, demod- 
ulators. etc. Not shown In Figure 1 are the remaining 
pontons of the mobile phone, such as the keypad, die- 
play, user Interface controller, etc. 

In some dual band phones, such as a dual band so 
phono that Indudes a digital TDMA portion, Iho TDMA 
transmitter and receiver sedloris are connected to the 
antenna 1 through a dupteK filler 5. as is illustrated in 
Figure 2. In this case the duplex fifter 5 is connected to 
an input of a receK/er amplifier 6, which has an output ^ 
connected to a bandpass filter 7 and a first IF mixar 8, 
while also being connected to the output of a transmitter 
power amplifier 9. 

In conventional practice the required band dwReh- 
ing has bssn accontplished with a machanica) relay or 46 
switch 10, as r$ shown in Figure 3. In Figure 3 the cir- 
cuitry shown In Figure 2 is dupllcatedfor each band, with 
th e Band 2 circuits being designated with prime symbols 
C). Ai any given time the switch 10 connects either the 
Band 1 orthe Band 2 traneeeiver circuitry lo the antenna 4S 
1. 

However, this approach has at least two significant 
disadvantages. First, the use of a mechanicai switch has 
the disadvantage ot requiring a targe and bulky compo- 
nont v/ith a slow switching time. To overcome this proto- ^0 
lem the mechanical switch can be replaced with an elec- 
tronic switch, such as a FET or a pin diods. However, 
the use of an electronb switch is disadvantageous in 
that It introduces a significant insertton toss into the RF 
path. A typical insertion lose for an electronic swhch Is ^5 
on the Order of O.SdB, This insertion loss must be com- 
panssted for by using a higher transmitter poxver whk:h, 
in turn, increases the power consumption and reduces 
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the battery tile of the mobile phone. Furthemiore. if op- 
eration in one of the bends is required to be a duplex 
analog mode, the antenna swfiching circuitry must ex- 
hibit a high degree of ilnearllytoavokj furious respons- 
es generated by the transmitter signai within the anten- 
na switch 10. Also, the receiver sensitivity le Impaired 
since the switch insertion loss afso degrades the recaiv. 
er noise figure. 

One benefit of the approach shown In Figure 3 is 
that It provkies good Isolation between band fitters (In 
this case the duplex fittere, or duplexers. 5 and 5*}. which 
thereby enables en optimum performance on both 
bands. However, the high insertion lose and required lin- 
earity can overshadow the benefit of this arrangement 
end make its use undesirable for many appi cations. 

ReferencQ can also be made to Figure 4 for illus- 
trating a conventional approach for Implementing anten- 
na ewitchtng in a dual band mobile phone, when an ex- 
ternal antenna connector la Is required That is, the an- 
tenna 1 rrmy be an integral or master antenna that Is 
provided as part of the mobile phone, while antenna 
Connector Is also provldsd to enable the mobile 
phone to be connected to a second, axtemal antenna. 
In addition to the Band 1 and Band 2 transceiver circuitry ' 
shown in Figure 9. a second antenna switch 11 is con- 
nected in series with the band switch 10. and suitable 
antenna ewrtch control lines are provided fnom a con- 
troller (not shown) of the mobile phone to control the 
state of the antenna switchas 10 and 11 . Assummg that 
Ih© second switch 11 le also an electronic switch, It can 
be appreciated that the total insertion loss can be dou- 
bled over the Figure a configuration. This In ium com- 
pounds at least the power consumptton and receiver 
seneitfviiy problems that were described above with re- 
spect to Figure 3. 

Figure 9 illustrates a oonvemional antenna/extent! 
antanna switching arrangement for a single band digital 
(e.g., TDMA) rrrobile phono. The firsi antenna switch 10 
functions as a transmlt/receiVB switch fbr the receh/er 
and trensmllter, and is coupled 10 a receive bandpass 
filter 5a and a trarwmtt bandpaes HKer 5b. The second 
antenna switch 11 is employed for switching between 
the antsnna 1 and the external antenna connecto* la. 
As in the smbodiment of Figure 4. a significant disad- 
vantage of this technique is the doubling of the insertion 
bss due to the two serially coupled antenna switched 
10 and 11. 

II is an object of this invention to provide a mobile 
phone that does note suffer from at least some of thie 
foregoing problems. 

This invention provides Bmbodimenis of circuitry for 
coupling both single band and dual band mobile phones 
totwoantertnae. andavoidelhedoublingof the insertion 
loss due to the use of two series-connected electronic 
sw'itches. 

Also this invention provides cmbodimonts ot switch- 
ing circuitry for coupling a dual band mobile phone td 
two antennas, without requiring a dvptexer. 
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In a first Bmbodlment of this Invention there is pro- 
vrdetf antenna switching cimuitry for uee in a radip tele- 
phone of a type that incfudes a first transceiver operable 
In a first frequency band and a second transceiver op- 
erable In a second frequency band. Tlie radiotelephone B 
further includes a firel antenna port and a eeoond an- 
tenna port. The antenna switching circuitry Includes a 
lirsl pair of transmission lines (L1 and L4) each having 
a first node coupled to an Input/output port of the first 
transceiver. A second node of LI is swltchably coupled io 
to the first antenna port and a saoond node of L4 is 
swltchably coupled to the second antenna port. The ra- 
dio telephone further Includes a second pair of transmis- 
sion lines (L2 and L3) each having a first node coupled 
to an input/oulput port of the second iranscslvar. A sec- « 
ond node of L2 la swltchably coupled to the first antenna 
pon and a second node of L3 is ewitchabty coupled to 
• thsseccmd antenna port. The switching Is accomplished 
such that when the second node of Li is coupled to the 
first antenna port, the second node of both L2 and L4 Is so 
open circuited and the second node of L3 is couplod to 
the second antenna port. When the second node of L2 
is coupled to the first antenna port, the second node of 
both L1 and is open eirouited and the second node 
of L4 id coupled to the second antenna port. iS 

The lengths of the transmission linos are as fdbws 
LI 5 L4 = 1/2 for the first frequency band; and L2 = t-3 = 
1/2 tor the second frequency band. 

TbS first frequency band can includa a frequency of 
about 800 MH2, fgr example the first transceiver niay 3o 
be used for duplex PM analog signals, and the second 
frequency band can include a frequency of about 1900 
MHz. and may be used for TDMA, phase modulated sig- 
nals. 

In a further embodiment of this invention a first pair 55 
of transmission lines (L1 and L2) each has a first node 
coupled to the first antanna port, a second node of Li 
l9 swltchably coupled lo the input/Output port of the first 
transceiver, and a second node of L2 is swltchably cou- 
pled to the input/output node of the second transceiver. ^ 
A second pair of transmission lines (L3 and L4) each 
has a first node coupled to the second antenna port, a 
second node of U3 Is swltchably coupled to the Input/ 
output port of Ihe first transceiver and a second node 
of L4 is swltchably coupled to the inputAAitput noda of 49 
the second transceiver. In this embodiment, when the 
second node of L1 is coupled to the input/output port of 
the first transceiver, the second node of both L2 and L3 
18 open circuited and the second node of L4 rs coupled 
to the input/output port of the second transceiver. When SO 
the second node of L2 is coupled to the input^utput port 
or the second transceiver, the second node of both L1 
and L4 is open circuited and the second node of L3 is 
coupled to the input/output port of the first transceiver. 

For this embodiment the lengths of the transmission « 
llnefi ere a? follows: L2 L4 =± 1/2 for the first frequency 
band, and LI = L3 = 1/2 for tha Gocond frequency t>arwJ. 
such that the transmission iina that is left open-ended 



has a length of 1/2 for the frequency t>and in use. 

Further In accordance wilh this embodiment the 
second node of LI and the second node of L3 are cou- 
pled through a first switch lo the input/output pon of the 
firet transceiver, and the second noda of L2 and the sec- 
ond node of L4 are coupled through a socond switch to 
the input/output port of the second transcervar. In this 
case the first switch Is selected lo minimize en insertion 
loss for frequencies wfthir> the first frequency band, and 
the second switch is sclscted io minimize an insertion 
lose for frequencies within the second frequency band. 

In a Still further embodnnent of Ihls Invention there 
is disclosed antenna ewitchingclfcultryfor use In a radio 
telephone of a typo that Includes a transmitter operable 
In a first frequency band when transmitting anda rocelv- 
er operable in a second frequency band whan receiving. 
The radio telephone further includes a first antenna port 
end a second antenna port. In this embodiment the an- 
tenna switching Circurtry Includes a pair of transmission 
fines (LI and L2) each having a first node and a second 
node, A first node of L2 Is coupled to an Input port of the 
receiver and a first node of Li is coupled to an output 
port of the transmitter. Also included Is a first switch hav- 
ing a first switching state for coupling the input port of 
the receiver to ihe frrsi antenna port. The first switch fur- 
ther has a second switch Ing state for coupling the output 
port of the transmitter to the first antenna port through 
the second node of Li. In the first switching state of the 
first switch the second nodo of LI is open-circuited. Ateo 
included is a second switch that is operated in phase 
with the firet switch, and that has a first switching state 
for coupling the output port of ihe transminer to the sec- 
ond antenna port. The second switch further has a sec- 
ond switching state for coupling the Input port of the re- 
ceiver to tha second antenr^ port through the second 
node of L2. In the first switching state of the second 
switch the second node of L2 Is opsn-circuited. In this 
embodiment there Is only one switch h series between 
one of the antenna ports and the input of the receiver or 
the output of the Iransmitter. Tha lengths oi the trans- 
mission lines are as follows: Li = i/2 for the second fre- 
quency band (transmit band) and L2 = 1/2 for the first 
frequency band (n^eive band). 

Also disclosed is an antenna switching arrange" 
ment for a dual band phone that eliminates a require- 
ment for duplsxers, while enabling Indlviduat ones of 
four switches to be separately optimized for their intend- 
ed function (transh or receive) and also frequency band. 

The above set forth and other features of the inven- 
tion are made more apparent in the ensuing Deiailed 
Description of the Invention when read in conjunctten 
with the attached Drawings, wherein: 

Figure 1 1$ block diagram that illustrates a ponfon 
of a conventionai dual band mobile phone; 

Figure 2 Is a simplified schomatic diagram of a con- 
ventional receiver front end and transmitter power 
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amplifier that are coupled to an antenna through a 
duploxer; 

Figure 3 Is a simpfitied schematic diagram of a por- 
tion of a conventional dual band mobile phone that 
IncluCtes two rocQiver front ends^ iranamlttor power 
amplifiers, and duplaxef$ that are couplad to an an- 
tenna ihroufih an antenna swfteh; 

Figure 4 Illustrates a conventional arrangement for 
coupling the circuitry of Figure 3 to one of two arv 
tennae; 

Figure 5 lllustratos a first embodiment of this inven* 
tlon that eliminates the antenna swUch of Figure 4 
through the us© of a single^ dual band antenna with 
two feed lines; 

Figure 6 illustrates one of the preferred embodi- 
menls of this invention that employs impedance 
matching lengths of transmission line to couple the 
duplexers to two antenna switches: 

Figure 7 illustrates a presently preferred embodi- 
ment ot this invention that also empbys impedance 
matching lengths of transmission line; 

Figure 6 illustrated a conventional circuit thai can 
be employed In the embodiment of Fibres 6 and? 
in place o1 the Band 2 (TDMA) duplexer; 

Figure 9 Illustrates a converrtional arrangement for 
coupling to one of two antennas in a single band 
mobile phone; 

Figure 10 Illustrates a prefornBd embocfimem of this 
invention for coupling to one of two antonnas in a 
single band mobile phone, and itiat also employe 
the Impedance matching lengths of transmission 
line; 

Figures 11a and 1 1b Illustrate a swltchlnq arrange- 
ment for a lower frequency band using ths integral 
antenna for a receive slot and a transmit slot, re- 
spectively; 

Figures 1 2e and 1 2b Illustrate a switching arrangs- 
ment for the lower frequency band using the exter- 
nal antenna forthe receive slot andthe transmit slot, 
respactlveiy: 

Figures 13b and 13b rllustrate a switching arrange- 
ment for an upper frequency band using the integral 
antenna for the receive slot and the trar^mit slot, 
respectively: and 

Figures i4a and i4b iltustrate a switching arrange- 
ment for the upper frequency band using the exter- 



nal antenna for the receive slot and the transmit slot, 
respectively. 

Figure 5 Illustrates a first embodiment of this inven- 
5 lion that eHminates the antenna switch o1 Figure 3 
through the use of a single, dual band antenna 12. In 
the embodiment of Figure 6 there are two leedlines. 
preferably each having an impedance of 50 ohms. A first 
feedllne I2a connects the Band 1 (e g., 800 MHz ana- 
10 log) duplexer 5 to a first olomGnt 12b of the dual band 
antenna 12. A second f sedllne 1 2c connects the Band 
2 (e.g. ,1.9 GH? TWiA) duplexer 5' to a second element 
1 2d of the dual band antenna 1 2. The elements 1 2b and 
I2d are each electrically optimised for operation In thsir 
IS respective bands, and may be disposed on a common 
antenna substrate or core and separated by a euilablo 
dfeleetrle material The antenna etements 12b and 12d 
are so Implemented that the electrical isolation between 
them is sufficiently high to prevent loading between the 

so antenna ports of the dual band RF sections. 

This embodiment eliminates the Insertion loss due 
to the use of band or antenna switches, and thus also 
eliminates the need to compensate for ths insertion toes 
with a higher Iransmftter power. Furthermore, since an- 
tenna band switching is accompllehed wHhout mechan^ 
real or electrical delays, it is well suited tor use In appli- 
cations where fast hand-off a between barids are re- 
quired. Also, no antenna swftchlng control signals need 
to be generated or routed, no additional printed circuit 

30 board area Is requirsd to implement the antenna t^and 
switching function, and no spurious responses are gen- 
erated, since there are no nonlinear components in- 
votved. Also, tho high degree of isolation between elec- 
trical antennas that can be achieved makes possible the 

ss uee of conventional duplex or band filters In the antenna 
circuits on both bands. Also, the receiver sensitivity is 
improved since the absence of the switch Insertion loss 
does not degrade the receiver noise figure. 

Figure 6 illustrates one of the presently preferred 

40 embodiments of this invention that employs lengths of 
transmbsion line (LI "L4] to couple the dupiexere 5 and 
5' to two anienna switches 14 and 16. The embodiment 
of Figure 6 thus overcomes the problems associated 
wrth the convemior>al approach shown in Figure 4 for 

<S connecting to two different antennas, such as the inte- 
gral antenna 1 and the external antenna connector 1a. 
Although the embodiment of Figure 6 employs the two 
electronic switches 14 and 16 (or mechanical switches 
If so desired), there is only one switch in the RF signal 

60 path. As such, the insertion loss is not doubled as in the 
case of Figure 4. The antenna 1 and the external anten- 
na that Is connected to the antenna connector la are 
assumed to ba two49and antennae each having a single 
leedline. An external booster amplifier can also be cou- 
pled to the external antenna connector i a if so desired. 

When tho antonna 1 is in uso tho unusod band cir- 
cuitry is elwaye coupled to the external antenna connec- 
tor la. if external antenna connector i a is in uee. then 



4 

PA(X IQQS ' RCVD AT 9/21/2005 3:32:28 PM [Eastern 



09/21/2005 14:31 3123214299 



BHGL 



PAGE 11/25 



EP 0823 751 A2 



8 



the unused band circuitry is always coupled 1o antonna 
1. Prafenably, the antenna impodancG for both bande te 
50 ohms. The lengths of the transmiselon lines L1-L4 
from the duplex filters 5 and 9' to (he antenria ewitCTtos 
14 aoct 16 are as Mbws: 

LI = U = 1/2 for Ih© frequency of Band 7; and 
L2 = L3 =- 1/2 ror the frequency of Band 2. 
By ©xampfe, and assumrng that the frequoncy of 
Band 1 1$ 600 MHz and that the frequency of Band 2 1$ 
1900 MHz, then the length C3f LI and L4 can be about 
95 mm, and the length of L2 and L3 can be about 45 
mm. (n the presently preferred embodiment of the In- 
vention Li -L4 are aleetrtcally oonductiv© traces lhat are 
disposed on a printed circuit board dielectric substrate. 
The electrically conductive traces can be fabricatsd as 
meander lines and their total lengths can be reduced 
through (he use of (Umped impedance elements to 
achieve the equivSlent phase ehift. With these dimen- 
sions ihe open end of the transmlselon lines raflects a 
high impedance at the duplex filter antenna ports TO and 
Pi. 

As illustrated in Figure 6, If \[ is desired to use the 
Band 1 circuitry with the antenna 1, or the Band 2 cir- 
cuitry with the external antenna connector ia, tha lines 
L2 and L4 are open ended, and the signal path through 
switches 1 4 and 1 6 is to the antenna 1 for the Sand 1 
circuitry (through LI) and to the external antenna con- 
necioi* la tor the Band 2 circuitry (through L3). If it ie 
desired instead to use ihe Band 1 circuitry with the ex- 
ternal antenna connector 1a. or the Band 2 circuitry with 
the antenna 1, then the antenna switch control line is 
energised to place the moveable contact of both switch- 
es 14 and 16 to the lower position. In this case the lines 
Li and L3 are open ended, and the signal path through 
switches 14 and 16 is to the antenna 1 for the Band 2 
cinouitry (through 12) and to the external antenna con- 
nector la for the Band l circuitry (through L4). 

Figure 7 Illustrates a prssently preferred embodi- 
menl of this Invention that also emptoys the Impedance 
matching lengths of transmission llne(L1-L4). However, 
in Figure 7 the switches 14 and 16 are nMved so as to 
be located between the lengths of transmteelon line and 
the duplexers 5 and S'. in addition, and as is shown, the 
switches 14 and 16 are operated out of phase. 

The lengths of the transmission tines L1-L4 be- 
tween the antenna ports and the switches in the embod- 
iment of Figure 7 are as follows: 

L2 - L4 = 1/2 fOr the frequency of Band 1 ; and 
LI = L3 1/2 for the frequency of Band 2. 

As Illustrated rn Figure 7. if it is desired to use Ihs 
Band 1 circuitry with the antenna 1. or the Band 2 cir- 
cuitry with the external antenna connector la, the lines 
and Ld are open ended, and the signal path through 
switches 14 and 16 Is to the antenna 1 for the Band 1 
circuitry (through LI) and to the external antenna con- 
nector 1j3 for the Band 2 cfrcuHry (through 1^4). If it id 
desired instead to use the Band 1 circuitry with the ex- 
temat antenna connector la, or the Band 2 circuitry with 



the antenna 1 , then the antenna switch control line is 
energized to place the moveable contact of switch 1 4 to 
the lower position and the moveable contact of switch 
1 6 to the upper position, in this case the Ifnes Li and L4 
are open ended, and tho signal path through switches 
14 and 16 Is to the antenna 1 for the Band 2 circuitry 
{through L2> and to tho eortemal antenna connector 1a 
for the Band 1 circuitry (through L3). 

It should be noted ihat. in the embodiment of Figure 

if> 7, the switch 14 Is only required to carry the fr^uency 
of the Bandl signal, whaatheawitchlfiis only required 
to carry the frequency of the Band 2 signal. For the ex- 
ample where the Band l frequency is about BOO MHz 
and the Band 2 frequency Is about 1 900 MHz. it can be 

'5 appreciated that the switches 14 and 16 can be sepa- 
rately optimized for their respective frequency bands. 
That is^ a single switch that /s selected for a minimum 
Insertion loss at SOO MHz may sxhibit a higher loss at 
1900 MHz. The embodiment of Ffgure 7 avoids this po- 
ifintlal problem by enabling both switches to be sepa- 
ralely specified for their respeotive frequency bands. As 
such, for many applications the embodiment df Figure 
7 may be preferred over the embodiment of Figure 6. 
The presently preferred embodiment of this is not 
3s limited for use only with a Ff^/TDMA phase modulated 
(AMPS/TDMA) dual band mobile phone, but can be 
used as well with, by example, an AfyiPS/CDMA mobile 
phone, aa well as with an AMP$/nam PS/CDMA mobile 
phone. 

se Furthermore, and referring to Figure 10, the teach- 
ing of this Invention applies as well to single band mobile 
phones, such as digital (e.g., TDMA) mobile phones that 
transmit at one timo in one band of frequencies and that 
receive at anoiher time in another band of frequencies. 

^ InFlgura 10 only one control signal is employed as com- 
pared to the embodiment of Figure 9, and the Ier»gths of 
transmission line LI and L2 are connected as shown. 
When operating with (he integral antenna 1 the antenna 
switches 10 and 1 1 are operated In phase to couple the 

40 Integral antenna 1 to the receJvor 6 through ewitch 10 
when receiving (the Illustrated position) and to couple 
the Integral antenna 1 to the iransmhtar 9, through 
switch 10 and LI . when transmhtrng. The unused trans- 
mitter is coupled to the external antenna coupler la 

« through switch 11 when recefving, and tho unused re- 
ceiver Id coupled to the external antenna coupler la 
through switch 11 and L2 when transmitting. When op- 
erating with the external antenna the polarity of the con- 
trot signal is reversed, the receiver or transmitter In use 

so is coupled to the external antenna coupler la, and the 
unused receiver or transmitter is coupled to the integral 
antenna 1. In either case there is only one electronic 
switch in the recefve or transmit path to the active an- 
tenna, and thus the insertion loss is aisoui one hail of 

^ the Insertion loss of the embodiment of Figure 9. 

The lengths of the transmission lines Li and L2 from 
the filters 5a and 5b in the embodiment of Figuia 10 are 
asfolbws: 
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L1 = 1/2 for the transmit band of frequencies; and 
12 = 1/2 (or tha receivg band oj troquencies. 

Ad is Illustrated in Figure 8 for Iho case wh$ro, by 
example, the Band 2 is a TDMA isand, the duplexer 5' 
C9n b& replaced with a TR swyiich 18. a receive niter 20, 
and a transmit finer 22. The TR switch id is controlled 
with a TX/RX signs I tor s eninfl the switch to either couple 
the receiver front end or the tranemrltBr power ampilfler 
output to the node Pi . Such an arrangement is known 
In the prior art, and can be used to replace a conven- 
tional duplex fiftsr In a TDMA mobile phone. Since the 
filtering requiremente for the TX and RX band filters In 
TDMA mobile phones are not as stringent as in the case 
analog mode mobile phones, It is possible to achieve an 
adequate level of porfofmance with this arrangement. 
This circuit can replace the duplex filter 5' in Figures 3, 
4, 5, 6 and 7. (f Band 1 is also a TDMA-enly band, then 
the duplex filter 5 in the above mentioned Figures can 
^Iso be replaced with this circuit, 

Reference Is now made to Figures 11a. 11b, 12a 
t2b, 13a, 13b, 14a and 14b for illustfating, in accord- 
ance with a further emtxjdiment of this invention, pre- 
ffen^ed antenna switching circuitry for a dual band TDMA- 
based digital celfular phone. It should be noted that the 
same concepts may bQ used also In a single band mo- 
bile phones, afthough the advantages are not as gr^at. 

In Figures 11-U the following nomenclature is 
used; LRx = lower band receiver; LTx = tower band 
transmitter; HTx = upper band receiver; and HTX = up- 
per band transmitter. 

In accordance with this aspect of the invention there 
ere four (in a single-band phone two) solid state RF 
switches. The switches are connected so that there is 
only one switch between tha selocted antenna and the 
Irensmrttcr or receiver. This embodiment of the inven- 
tion eiiminaies tne use of the duplex filters, and therefore 
the Insertion loss Is very low. Reducing the insertion loss 
can provide an Increase in the total talkilrne of the mo- 
bile phone before the battery, id required to be re- 
charged. 

The switches are controfled synchronously so that 
only the receiver is connected to a selected antenna dur- 
ing the RX time slot and only the transmitter Is connect- 
ed io the selected antenna during the TX time slot. AM 
the other circuits are disconnected from the antenna 
when not being used (Idle). 

The open switches are matched so that they are 
seen as a high impedance from the active signal path. 
This can be accomplished using, by example, transmis- 
sion lines (e.g.. microstrips) having a length of n*l/2 (I s 
wavelength in that line) between the circurts (see Fig- 
ures 1ia arid lib). The transmfsslon tine can be efrmi- 
naled if the distance between switches is very short, e. 
g.: if they are integrated Into the same Integrated circuit 
package, in this case the switches coutd share ecme IC 

pins 

This emtxx:limsnt of the inverttion b particularly 
useful for systems where the frequency of the higher 



band is a multtpfe of the trequerrcy of the lower band, e. 
g. GSM (900 mz) and PON (1B00 MHz). By example, 
the PCN frequency band ta approximatcfy two times that 
of the GSM frequency band, so transmission lines hav- 
5 Ing lengths of L= 2*1/2 tor PCN and L = 1 ^/2 for GSM 
can be used. 

In that only a transmitted or a received signal goes 
th^^ugh any one switch, the switches may be optimized 
for best performance. By axample, the transmission 
^0 switehes can be selected fbr high power operation, while 
the reception switches can be selected for low noise and 
small size. Furthermore, the Insertion loss and band- 
width of the switches can be minimized since both the 
high and low bands have their own aesocfated non- 
shared switches. 

Figures 11-14 illustrate all possible switch positions 
tor both bar^s when either receiving ortransmrtting with 
either the mobile phone's own (integral) antenna or the 
external antenna. In Figures 11 a and lib it has been 

^ assumed that tha switches are spaced apart by a dis- 
tance that requires the use of the above-mentioned 
transmission lines (designated as L1-L8) for each 
switch. In Figures 12-14 it Id been assumed that the low- 
er band swltchaa are very near to each other, and that 

ss the high band switches are also near each other In this 
case the transmlsalon lines Li and L2 are located only 
between the low and high band ewlichds. There may be 
two separate antennas or one oomblried dual band an- 
tenna in the mobile phone. 

50 The switching arrangen^nts shown in Figures 
11-14 insure that the mobile phone's integral antenna is 
switched off to reduce bss and unwanted radiation 
when using the external antenna (such as when using 
the antenna of a vehicle). Furthermore, during reception 

« the transmitter is disconnected from the antenna to re- 
duce insertion loss, while during transmission the re- 
ceiver is disconnected from the antenna to reduce the 
insarlion loss and to provide for a Simpler input fiKering 
arnangemem. In addition, rt should be noted that the em- 

40 bodiments of Figures 11-14eliminatetheneedfora con- 
ventional duplex filter while also eliminating any serially 
coupled switches and the Inherent higher Insertion loss. 
This embodiment of tho invenlion thus provides a low 
insertion loss and leee complex antenna coupling ar- 
rangement tor a digital dual band phone. As was Indi- 
cated above, and as in several of the other embcxji- 
ments of this invention, the individual switches can each 
be optimized for reception or transmission within their 
respective frequency bands. 

so Willie the invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by those si^tiled in the art 
that changes in form and details may be made therein 
without departing from the scope of the invention. 
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Ctaims 

1. Antenna switching circuitry lor use in a radio tele- 
phone of a type that includBs a first iransceivQr op- 
e fable in a f irsi frequency band and a second tran©. s 
celver operable in a second frequency band, the ra- 
dio telephone further connprlelnfl a first antenna port 
and a second antenna port, said antenna ewitGhing 
oircultry comprising; 

10 

a first pair of transmission lines (Li and L4) 
each having a first node coupled to an input/ 
outpui port of said first transceiver, a second 
node of LI being swttehabfy coupled to said first 
antenna port and a second node of L4 being is 
switchably coupled to said second antenna 
port; and 

a second pair of transmission lines (1,2 and L3) 
each having a first node coupled to an Input/ so 
output port of said second transcsivBr, a sec- 
ond node of L2 being switchabJy coupled to said 
first antenna port and a secor>d node of L3 be- 
ing switchably coupled to said second antenna 
port; wherein SB 

when the second node of Li Is coupled to said 
first antenna port, the second node Of both L2 
and L4 is open circuited and the second node 
of L3 is coupled to said second antenna port; so 
and wherein 

when the second node of 1^ is coupled to said 
. First anlsnria port, the second node of both L1 
and L9 rs open circuited and the second node 3S 
of L4 is coupled to said second antenna port. 

2. Antenna switchrng circuitry as sel forth in claim 1, 
wherein the tangths of said transmission lines aro 
as foilows; 40 
LI = L4 = 1/2 lor the first frequency hand; and 
L2 = L3 = 1/2 for the second frequency band. 



and receives a time divfsion, multiple access (TD- 
MA) phase modulated RF signal. 

6. Antenna switching circuitry as sal forth in claim 1. 
wherein an antenna impedance for both said flrst 
and said second transceivers ia atKiut 50 ohms. 

7, Antenna switching circuitry as set forth (n daim 1, 
wherein said Input/output port of said first transceiv- 
er Is coupled to a first duplexer^ and wherein said 
Input/output port of said second transceiver is cou- 
pled to a second duplexer. 



3. Antenna switching circuitfy as set forth in claim 1, 
wherein the first frequency band includes af requen- ^ 
cy of about 800 MHz. and wherein the second fre- 
quency band includes a frequency of about 1900 
MHz. 

4. Antenna switching circuitry as set forth In claim 1, so 
wherein the first antenna pon Is coupled to an Inte- 
gral antenna, and wherein said second antenna 
port is for coupling to an exterr^l anianna 

S- Antenna switcfiing circuitry as set forth in claim 1, ^6 
whor&ln said Tir^t tfdoaceiver transmit? and re- 
ceives a duplex frequency modulated [FM) RF sig- 
nal, and wherein said second transeefver transmits 



Antenna switching circuitry as set forth in claim 1 , 
wherein said Inpui/output port of said first transceiv- 
er is coupled to a duplexer. and wherein said Input/ 
output port of said second transceiver is coupled to 
a transmit/recahre switch. 

9. Antenna switching circuliry for use in a radio teie- 
phona of a type that includee a first transceiver op- 
erabfe in a first frequency band and a second trans- 
ceiver operat>ro in a second frequency band, the ra- 
dte telephone further comprising a first antenna port 
and a second antenna port, said antenna switching 
circuitry comprising: 

B first pair of irensmission lines (Ui and L2> 
each having a first node coupled to said first 
antenna port, a second node of L1 being 
switchably coupled 10 an Input/output port of 
said first transceiver and a second node of L2 
being switchably coupled to an input/output 
node of said second traneceivon and 

a second pair of transmission fines (L3 and L4) 
each having a first noda coupled to said second 
antenna port, a second node of L3 being 
switchably coupled to eaid input/output port d 
said fiist transceiver and a seoond nods of L4 
being switchably coupled to eaid input/output 
node of said second transcohrer; wherein 

when the second node of LI is coupled to said 
Input/output port cf said first transceiver, the 
second node 0I both L2 and L3 Isopen circuited 
and the second node of L4 is coupled to said 
Input/output port of said second transceiver; 
and wherein 

when the second node of L2 is coupled to said 
input/output portof said second transceiver, the 
second node of both L1 and L4 is open circuited 
and the second node 0I L5 is coupled to said 
input/output port of said first transceiver 

10. Antenna switchirig circuitry as set forth In derm 9, 
wherein the lengths of said transmission lines are 
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as follows: 

L2 s L4 s 1/2 for Iho first frequency band; and 
Li r L3 = 1/2 for the seeond frequency band. 

11. Antenna switchfng circuilry as set forth In claim 9, s 
wherein the first frequency band includee a frequen- 
cy of about eoo MHz, and wherein the eecond fro- 
quoncy band includes a frequency of about 1900 

10 

12. Antonr^a switching circuitry as eel forth in claim 9, 
wherein the first antenna port is coupled to an Inte- 
gral antenna, and wherein eard second antenna 
port is for coupling lo an external amenna. 

13. Antenna switching circuitry as set forth in claim 9. 
wherein said first (ranscehmr transmHa and ro- 
ce/ves a duplex trequerwy modulated (FM) RF sig- 
nal, and wherein sard second transceiver transmits 
and receives a lima dMaion. muftipfe access (TD- so 
MA) phase modulated RF signal. 

14. Antenna switching circuitry as set forth Jn claim 9. 
wherein an antenna impedance for both said first 
and sa Id second transceivers Is about 50 ohms. 

15. Antenna switching circuitry as set forth in claim 9, 
wherein said input/output port of saidfirst tr^nsceK/- 
or Is coupled to a first duplexer, and whorofn said 
input/outpul port of said second transceiver is cou< so 
pled to a second duptexer. 

16. Antenna switching circuitry as set forth in claim 9, 
wherein said Input/oulput port of saidfirst transceiv- 

er is coupled to a duplexer. and wherah said input/ 3S 
output port of said second transceiver is coupled to 
a transmit/receive switch. 

17. Antenna switching cfrculiry e3 set forth in claim 9. 
wherein said second node of L1 and said second 40 
node of L3 are coupled through a first switch to said 
input/output port of said first transceiver, wherein 
said second node of L2 and said second node of L4 

are coupled through a second switch to said input/ 
output port of said second transcefver, wherein said ^ 
first dwitch is sclGcted to minimize an insertion loes 
for frequencies within saidfirst frequency band, and 
wher«n said second switch is selected to minimize 
an insertion bss for frequencies within said second 
frequency band. so 

18. Antenna switching circuitry for use in a radio tele- 
phone of a type that includes a transmttter operable 
in a first frequency band when transmitting and a 
receiver operable in a second frequency band when ss 
receiving, the radio telephgne further comprising a 
first antenna port and a second antenna port, said 
antenna switching circuitry oomprtstng: 



a pair of transmission lines (Li and l_2) each 
having a first node and a second node, a first 
node of 12 being cou pled to an input port of said 
receiver and a first node of LI boing coupled to 
an output port of said tranemitler; 

a first switch having a first evMching state for 
coupling said Input port of said receiver to the 
first antenna port, the first switch further having 
a second switching state for coupling said out- 
put port of said transmitter to the first antenna 
port through the Second mode of Li, wherein 
in the first switching state of the first swHch the 
eecorvdnodsof L1 is open-circuited: and a sec- 
ond switch operated In phase with the first 
switch and having a first switching state for cou- 
pling said output port of said transmitter to the 
second antenna p0rt» said second switch fur- 
ther having a second switching stale for com- 
pring said input port Of said receiver to the Sec- 
ond antenna port through the second node of 
L2, wherein in the first switching state of the 
second switch the second node of L2 is open- 
circuited. 

19. Antenna switching circuitry as set forth In dalm 16. 
wherein the lengths of sard transmission lines are 
as follows: 

LI = 1/2 for the first frequency band; and 
L2 = 1/2 for the second frequency band, 

20. Antenna ewliohing clrouitiy as set forth In claim IB, 
wherein the first antenna port is coupled to an inte- 
gral antenna, and wherein said second antenna 
port is for coupling to an external antenna. 

21. Antenna switching circuitry for use in a dual band 
radio telephone, comprising ; 

a first transmSlter and a first receiver operable 
in a first frequency band when transn^Uting and 
receiving; 

a second transmitter and second receiver op- 
erable in a second frequency band when trans^ 
mitting and receiving; 

a first antenna port; 

a second antenna port; 

a pair of transmission lines (LI and L2} each 
having a first node and a second node, wherein 
said second node of L1 ^ coupled to said first 
antenna port and said sGx:ond node of L2 is cou- 
pled to said second antenna port; 

a first switch having a first switching state for 
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coupling an input port said ffrsi receiver 16 
said first antsnna port, tho firs; switch further 
having a second switching state for coupling 
aakl onput port of said firei recefvBr to eald first 
nods of 1,2 ancJ through L2 lo said second an- s 
tenria port; 

a second switch having a first swHchfng slate 
(or coupling an output port of said first transmit- 
ter to said first antenna port, tho second ewftch to 
further having a second ewitching state for cou- 
pling said output port of said first transmitter to 
said first node of L2 and th rou^h L2 to said sec- 
ond antenna port; 



15 



a third svwitch having a first swirching state for 
coupting an input port of said second receiver 
to said first node of Li and through LT to said 
first antenna port, said third switch further hav- 
ing a second ewftchlng state for coupling said 
input port of said second racah/er to said sec- 
ond antenna port; and 



a fourth! swiicfi having a first ewliehhg state for 
coupling an output port of said second trans- ss 
mitter to said first node of Lt and througfi Li to 
said first antenna port, said fourtfi switch further 
having a second switching slate for coupling 
said output port of said second tranemltlor to 
said second antenna port; wherein So 

saidflral, second, third and fourth switches are 
cont rolled such that at any given tinne during the 
operation of said radio telephone three of said 
switches are In one of said first or second ss 
switching states, and a remaining one of said 
switches is in an opposite switching state, 

22. Afttenna switching circuitry as set forth in claim 21 , 
wherein said first band of frequencies is approxi- 40 
mately twice the $eoond band of frequencies. 

23. Antenna switching circuitry as set forth In darm 21 , 
wherein the lengihe of Li and L2 are as foilows: 

Li = L2 = 1/2 for the first frequency band; and ^ 
11 = L2 = 2(1/2) for the second frequency 

24. Antenna switching circuitry for use in a dual band 
radio telephone, comprising; so 

a first transmitter and a first receiver oparalsle 
in a first frequency band when transmitting and 
receiving; 25. 

55 

a second transnnltter and second receiver cp- 
orabie in a second frequency band when trans* 
mitting and receiving: 



a first antenna port; 
a second amenna port; 

eight transmission lines (Li -LB) each having a 
first node ar^d a second nodc« wherein said sec- 
ond node of Li , L3, LS and L7 is coupled to said 
first antenna port and said eecond node of IZ 
L4, L5. and LB is coupled lo said second anten- 
na port: 

a first switch having a first switching state for 
coupling an input port of said first receiver to 
said first node of Li and through LI to said first 
antenna port, the first switch further having a 
second switching state for coupling said input 
port of said first raoaiver to said first node of L2 
and through L2 to said second antenna port; 

a second switch having a fliBt swrtchrng state 
for coupling an output port of said first transmit- 
ter to said first node of L3 and ttirough L3 to 
said first antenna port, the second switch fur- 
ther having a second ewitching state for cou- 
pling said output port of said first transmitter to 
said first node of L4 and through L4 to said sec- 
ond antenna port; 

a third switch having a first switching state for 
coupling an input port of said second receiver 
to said first node of L5 and through L5 to said 
first antenna port, said third switch further hav- 
ing a second switching state for coupling said 
input port of said second recetver to said fjrsl 
node of L6 and through L6 to said second an* 
tenna port; and 

a Idurth switch having a first switching state for 
coupling an output port of said second trans- 
miltar to said first node of L7 and through L7 to 
said first antenna port, said fourth switch further 
having a second switchtng state for coupling 
said output port of said second transmitter to 
said first node of Ld and through LB to said sec- 
ond antenna port; wherein 

said first* second, third and fourth switches 
are controlled such that at any gfven time during the 
operation of said radio telephone three of said 
switches are in on© of said first or second switching 
states, and a remain ing one is in an opposite switch - 
Ing state. 

Antenna switching circuitry as set forth in claim 24, 
wher^ the lengths of Ll-LS are as follows: 

Lt -L4 = 1/2 tor the eecond frequency band; 

and 

L5-Ld = 1/2 for the first frequency band. 
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